Abstract Objective-To document the incidence of low back pain and other overuse injuries in a group oftriathletes, and to investigate any associations with various physical and triathlon related factors. Methods-By means ofa questionnaire, the physical characteristics, training habits, and the incidences of overuse injuries of 92 Japanese triathletes (70 males, 22 females) were documented. Student's t and x2 tests were used to determine the significance of any associations with injury incidence, as well as differences between subjects experiencing or not experiencing low back pain in the previous year. Results-Low back pain was experienced by 32% ofsubjects in the previous year. The majority (54%) of low back pain episodes lasted under seven days, suggesting mainly soft tissue involvement, and 19% lasted over three months, suggesting involvement of the intervertebral discs. Weekly trunk flexor muscle training frequency was significantly greater (P = 0.035) for the low back pain subjects. Close to significant differences for average weekly cycling time, trunk flexor muscle training time, and low intensity aerobic rining, as well near significant associations for weight training and average weekly triathlon taining load, were also found. No other factors were significantly associated with low back pain. Low back injuries accounted for 28% of all injuries. Only the knee was a more common single site ofinjury (33%/o).
Triathlon is an endurance sport involving swimming, cycling, and running. It has officially existed only for about 20 years, and during this time has developed very rapidly with regard to training strategies and cycling technology. Because of the short history of the sport, it has been very difficult to evaluate, or even predict, its long term physical effects (that is, sports related factors) on the participants. It is really only in the new or younger generation of triathletes, for many of whom triathlon was their first sport, that these long term effects can be monitored and investigated more accurately. Data on triathlete injuries are sparse, and the most recent studies were performed some five years ago'`7 This, along with the above mentioned rapid development of the sport -especially in recent years -indicates the strong need for further more comprehensive investigation into triathlon related injuries.
It has been argued that triathlon, as a multisport event, causes less overuse injuries than single sports, because of the more even distribution of loads over the body's musculoskeletal structures. Despite this, triathletes still suffer from a high degree of overuse injuries. These overuse injuries also account for as much as 85% of all injuries suffered.3' One commonly injured site is the low back. 15 The main purposes of this study were to document the incidence of low back pain and other overuse injuries in a group of triathletes, and to investigate the associations between certain physical and triathlon related factors and the incidence of low back pain.
Methods
A pilot study was conducted to design a triathlon injury questionnaire to obtain data on the physical characteristics oftriathletes (that is, age, height, weight, body mass index), their training habits (that is, weekly training times and distances, type of training performed and at what intensities, etc), as well as on their triathlon related injuries (their incidences and possible causes), in particular low back pain. In addition, test-retest reliability of the questionnaire was determined. It was found to be highly repeatable (Manninen J: Triathlon and lower back pain: a pilot study. Unpublished paper for physiotherapy masters programme. University ofJyviskyla, Finland, 1994). The questionnaire was then employed in this present study for obtaining the same type of data from the Japanese triathlete subjects.
Representatives of various triathlon clubs around Japan were contacted about the present study, and were told that it involved triathlon training methods and injuries. Once Further, 86% of subjects used triathlon "aerobars" (special handlebars) on their bicycles. Most of the training was performed at medium (41%) and low intensities (38%), the remainder being performed at high intensity.5 Over half (57%) trained for half and full distance events. The remainder (43%) trained for Olympic distance and sprint events. Before triathlon training, 27% of subjects participated in running, 12% in swimming, and only 4% in cycling. A regular stretching programme was followed by 94% of subjects. On average, this a Training intensity levels: Low intensity -between the aerobic and anaerobic thresholds.
Medium intensity -at or below the aerobic threshold. High intensity -at or above the anaerobic threshold. was performed 6&8 times per week for 13-4 minutes each time.
LOW BACK PAIN
Thirty two per cent of subjects had experienced low back pain in the previous year. The incidence rates are given in table 3. There were no significant differences between males and females, although the males had a notably higher life time incidence rate (P = 0052). The greatest incidence of low back pain occurred during the mid-season training phase (44% Average weekly trunk flexor muscle training frequency was significantly greater in those subjects who had experienced low back pain in the previous year (P = 0035). Other results also indicated close to significant differences (t tests) between the low back pain and non-lowback-pain subjects, or associations (X2 tests) with the incidence of low back pain in the previous 12 month period. These were: average weekly trunk flexor muscle training time (P = 0 055), average weekly cycling time (P = 0 065), proportion of low intensity aerobic training (P = 0-09) (t tests); performance of weight training (P = 0054), and average weekly triathlon training loada (P = 0095) (X2 tests).a
The differences between low back pain and of subjects (lower back injuries 28%, neck/ cervical region 4%). Only the knee was a more common single site of injury (33%). Table 5 classifies the injuries according to anatomical region.
Discussion
The subjects in this study comprised a totally homogeneous group by race, that is, they were The subjects in this study could be considered to be much fitter and stronger than the general population, that is, all other persons not involved in regular and very physically demanding athletic activities. The overwhelming majority did not smoke, were not overweight, and were most probably very determined and goal oriented people, as reflected by their involvement in the sport. Despite the relative lack of common low back pain risk factors, the incidence of low back pain of the subjects was not less than that reported for the general population, '0 as might be expected. While the point incidence (12%) was at the lower limit of the general population values, the lifetime incidence rate (59%) was in the middle range. This is interesting as the average age of the triathlete subjects was 31-3 years, with the age distribution of subjects in epidemiological studies involving the general population ranging mainly from 30 to 60 years.'0 In previous studies on the general population, either no gender differences had been found, or the incidence had been greater for females, especially when work practices were taken into account." In contrast, the males in this study experienced a greater incidence of low back pain than the females. The difference was not statistically significant, but was in fact very close (P = 0 052) to the set level of significance. This gender difference may be related to differences in training methods or volumes. For example, differences for cycling and weight training between males and females were either statistically significant or showed very strong trends.
Lumbar spine injuries account, on average, for approximately 5-10% of all athletic injuries, including both overuse and traumatic injuries. 2 13 Sports such as gymnastics show the highest low back injury rates.'4 1' In triathlon, low back injuries account for 4l17% of all the overuse injuries sustainedlA 7 which is comparable to the figures for other sports. In this study, low back complaints accounted for almost 28% of all overuse injuries suffered in the previous year. O'Toole et al5 reported that an astonishing 72% of subjects had complained of low back pain or sciatica in the previous year. There are very few data on the incidence rates of low back pain for cyclists, but Mellion'6 stated that up to 60% of cyclists have suffered from it at some time. This closely matches the life time low back pain incidence rate (59%) of the triathlete subjects in this study. These figures show that low back pain in triathletes is as prevalent as in other sports, and if traumatic low back injuries are excluded, then the prevalence would be even higher.
According to Mooney's classification of low back pain based on the potential for spontaneous recovery,'7 the majority of low back pain in this group of triathletes could be attributed to soft tissue or myofascial structure injuries. Involvement of the zygapophyseal joints was also likely, though a portion of suspected zygapophyseal joint problems could also represent a continuance of acute soft tissue injuries due to secondary reflex activity, that is, the pain-spasm cycle. Of concern was that almost 20% of all the pain episodes had lasted over three months. According to the same classification, a more serious pathology or problem may have existed, namely a possible injury of the intervertebral disc. While relatively frequent soft tissue injuries of short duration would be expected for triathletes involved in regular, often very physically demanding, training, the proportion of long duration pain episodes was quite high, and was a clear danger sign of potential future and possibly severe long term disability.
General risk factors for low back pain have been given for the general population.'o It would be expected that many of these risk factors, especially the physical risk indicators such as poor trunk muscle strength and endurance, cardiovascular fitness and flexibility, as well as smoking, would be minimal in a group of trained athletes. This study revealed that increased trunk flexor muscle training frequency, that is, the number of times they were trained weekly on average, was significantly associated with an increased incidence of low back pain in the previous year. Possibly the training exercises for the trunk flexors were performed incorrectly. This may have resulted in inappropriate stresses on the lumbar spine. Also, it is possible that subjects began to train their trunk flexor muscles more frequently only after they had experienced low back pain. This may have been done in an attempt to rehabilitate themselves in the belief that greater abdominal muscle training may decrease their symptoms. However, this may have actually contributed further to a deterioration or prolongation of the acute phase symptoms. Another possibility is the presence of trunk muscle imbalances. Low back pain subjects have been seen to be flexor overpowered,"
ratios of 1I0 to 0*8 (trunk extensors to flexors) having been reported. '9 20 Normal values are in the order of 1 3.19 Perhaps the triathlete subjects with low back pain in this study were flexor overpowered because they exercised their abdominal muscles more than their back extensor muscles. However, it is not clear whether an imbalance is a causal factor or a result of low back pain. The triathlete is perhaps more susceptible to lower back injury during the initial stages of the run, when this transition is occurring. Migliorini suggested that this transition period lengthens with an increase in the length of the biking phase. In our study, those experiencing low back pain in the previous 12 months reported a greater average weekly cycling time, though this was not statistically significant (P = 0 065). This result provides some support to Migliorini's suggestion. In order to maintain an aerodynamic cycling position, as well as an appropriate degree of hip flexion for optimal force generation during the pedalling cycle, the lumbar spine is often held in a relatively flexed position. Sitting, especially in a flexed position and for long periods, has been shown to increase intradisc pressure, thereby predisposing to low back pain.' 0 Thus it is very important to examine cycling position and its association with the incidence of low back pain. The present study did that, although very generally, with no significant associations being found. It would have been beyond the scope of this study to examine the relation in greater detail. However, future research should carried out to look at how (inappropriate) cycling position may cause, or contribute to, low back pain. Further, the possible detrimental effects of vibration as a risk factor cannot be ruled out. So, while running may have been the final factor producing marked symptoms or injury, it is quite possible that the initial cause of the low back pain originated from cycling. This is further supported by the majority of subjects themselves implicating cycling as the main cause of their low back pain.
There was some indication (P = 0 095) that average weekly triathlon training load was associated with low back pain incidence. It is reasonable to assume that those training more place greater overall cumulative physical stress on their bodies than those who train less. This could indicate that even among top level triathletes there is an upper "safe training limit or zone" beyond which an increase in training load would produce a non-proportional and greater increase in the risk of injury. Of course, this theoretical upper limit would vary between individuals, but perhaps certain generalisations can be made.
OTHER INJURIES
In our study, the incidence of musculoskeletal injuries related to triathlon was very similar to those reported previously,' 2 4 with approximately 60% of triathletes having suffered at least one soft tissue overuse injury in the previous year. Lower limb injuries accounted for 61% of all injuries in this study, compared to the figure of 85% reported by Ireland and Micheli.2 Also, the anatomical sites of injury were closely matched. In all studies, the knee was the single most common site of injury (30-50°/0). Injuries of the lower back (28%)
were the second most common in this study, though in other studies they were the third most common site (4-17%) after the shoulder,2 foot, or ankle.3 However, in the study by Collins et al,' the back was the most commonly injured site. O'Toole et al5 revealed that low back injuries occurred frequently in combination with lower limb injuries, although there were no statistically significant associations in our study. The shoulder is the most common site of upper limb injuries, but the incidence has been quite varied. In this study, injuries to the shoulder were the third most common, and comprised all upper limb injuries.
CONCLUSION
Low back pain is a common problem suffered by triathletes. Despite the relative absence of general risk factors for low back pain, triathletes still suffer from it as much as the general population or other athletes such as cyclists. While most pain episodes are of short duration and involve the soft tissues, a relatively high proportion are of longer duration. These most probably implicate involvement or injury of the intervertebral disc. This clearly indicates that triathletes are at risk of suffering low back pain of a serious nature. Despite the fact that only one statistically significant difference was found between low back pain and non-low-back-pain subjects, there were several other strong indications for possible associations of certain training related factors with the incidence of low back pain. The three most common sites of injury in the present study were of the knee, low back, and shoulder. While most knee injuries in triathlon are caused by running, and the majority of shoulder injuries by swimming, there is no one clear cause of injury to the lower back, though cycling is suggested as a major contributing factor. The sports related factors likely to increase the risk of low back pain must be more clearly identified, and their effects minimised. The results of this study give direction for the design of controlled interventional studies, so that these factors and their associations with low back pain in triathletes can be investigated more accurately.
